The data presented in this manuscript is enough for the readers to understand the association of metabolic syndrome and chronic virus hepatitis in the community in Taiwan. Detailed data about the individual study cohort is improper to provide online according to the privacy policy of Kaohsiung Chang Gung Memorial Hospital Ethics Committee. Readers who are interested in the study or who want to understand our detailed data can contact the authors via the e-mail (Prof. Lu\'s e-mail address: <juten@ms17.hinet.net>).

Introduction {#sec001}
============

Metabolic syndrome (MetS) is a group of metabolic abnormalities including insulin resistance, obesity, hypertension and hyperlipidemia, which is associated with an increased risk of diabetic and cardiovascular mortality\[[@pone.0155544.ref001]\]. In addition to cardiovascular disease, the presence of MetS is also closely related to other comorbidities such as nonalcoholic fatty liver disease (NAFLD) and its advanced disease, nonalcoholic steatohepatitis (NASH) \[[@pone.0155544.ref002],[@pone.0155544.ref003]\]. Indeed, metabolic components of MetS such as obesity and diabetes mellitus (DM) have been proposed as associated risk factors with the development of hepatocellular carcinoma (HCC), especially in those areas where virus hepatitis was not endemic \[[@pone.0155544.ref004]\]. Since both MetS and chronic virus hepatitis have been reported to be injurious to hepatocytes, the association between MetS and two most virus hepatitis, hepatitis B virus (HBV) and hepatitis C virus (HCV) infection has become the subject of interest in the past decade. Some studies reported MetS coexisted with HCV infection would accelerate insulin resistance, reduce antiviral effect, which leads to a worse outcome \[[@pone.0155544.ref005]\]. With regard to the interaction of HBV infection and MetS, chronic hepatitis B (CHB) patients were reported to have a lower prevalence of MetS compared with those without \[[@pone.0155544.ref006],[@pone.0155544.ref007]\]. The status of HBV replication also seemed to associate with the components of MetS. Moderate-severe hepatic steatosis was reported to contribute to hepatitis B surface antigen (HBsAg) seroclearance in HBsAg carriers \[[@pone.0155544.ref008]\]. Among hepatitis B e antigen (HBeAg)-positive patients, the REVEAL-HBV study group reported high HBV viral load was inversely associated with obesity \[[@pone.0155544.ref009]\]. Body mass index (BMI) and HBV viral loads may have synergistic effect on disease progression in HBeAg-negative patients\[[@pone.0155544.ref010]\].

In Taiwan, the prevalence of MetS is increasing in recent decade \[[@pone.0155544.ref011]\]. In addition, Taiwan is a HBV-endemic area, and in its southern part, HCV infection is also prevalent \[[@pone.0155544.ref012],[@pone.0155544.ref013]\]. Hence, with the increase of MetS population, to realize the relationship between MetS and chronic HBV or HCV infection is necessary in Taiwan. We conducted this community-based study to evaluate the association between MetS and chronic virus hepatitis.

Methods and Materials {#sec002}
=====================

Patients {#sec003}
--------

In Taiwan, the prevalence of CHB patients and chronic hepatitis C (CHC) patients is 17.3% and 4.4%, respectively \[[@pone.0155544.ref012]\]. Tainan, located in southern Taiwan, has a high rate of CHC among HCC cases, and the numbers are still increasing \[[@pone.0155544.ref014]\]. A health examination and cancer screening program was conducted by the Tainan County Health Bureau from April to November 2004. There were 56,702 participants, all of whom were over 40 years of age. Among them, 6133 (10.9%) subjects were positive for HBsAg and 5753 (10.2%) were positive for anti-HCV \[[@pone.0155544.ref015]\]. A series of HCC screenings were held annually since 2004 to 2010 in the Yujing township and the nearby Nanxi township, located on the mountainside of Tainan had a total of 7643 and 5701 person-times checks, relatively. In Mar 2011, 1027 cases including 671 from Yujing township and 356 from Nanxi township with HBsAg(+) and/or anti-HCV(+) were invited to this study by mail, or telephone. In addition, those volunteers older than 40 years in Yujing township or Nanxi township didn\`t be screened before also could participate in this program. All participants underwent anthropometric measurement, blood tests including biochemistry tests and virological tests, ultrasound and fibroscan examinations. Those who with negative value of HBsAg or anti-HCV at the examination were excluded from this study. This study was approved by the Institutional Review Board (IRB) of Kaohsiung Chang Gung Memorial hospital and a written informed consent was obtained from each participant. This study was conducted according to the principles expressed in the Declaration of Helsinki and the consent procedure in the study was also proved by the IRB of Kaohsiung Chang Gung Memorial Hospital.

Study parameters {#sec004}
----------------

We analyzed the participants in terms of demographics (i.e., age and gender), anthropometrics (i.e., body weight, height and waist circumference), hemodynamic measurement (i.e., systolic and diastolic blood pressure), and serum biochemical data (i.e., aspartate aminotransfer (AST), asealanine transaminase (ALT), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) triglyceride (TG), and fasting glucose levels). This information was obtained from all patients, and they underwent a detailed examination for serum hepatitis markers, including HBsAg, HBeAg, anti-HCV, HBV DNA, HCV RNA and alpha-fetoprotein (AFP). HBsAg, HBeAg and anti-HCV were detected using commercial assay kits (HBsAg EIA, Abbott, North Chicago, IL; HBeAg EIA, Abbott; anti-HCV, EIA 3.0, Abbott). Levels of HBV DNA were measured by the Cobas Taqman assay (Roche Diagnostics, Branchburg, NJ, USA), with a lower limit of detection of 12 IU/mL. Levels of HCV RNA were detected using a Cobas AmpliPrep/Cobas TaqMan HCV kit (Amplicor, Roche Diagnostics, Branchburg, NJ), with a lower limit of detection of 15 IU/ml.

Liver stiffness measurement {#sec005}
---------------------------

Liver stiffness measurement (LSM) was performed with a fibroScan\_ (Echosens, Paris, France) system, a device based on one-dimensional transient elastography technique. The details of the technical background and examination procedure have been previously defined \[[@pone.0155544.ref016]\]. The result was considered reliable only when 10 validated measurements had been obtained with a success rate greater than 60%.The cut-off of liver stiffness measurement-liver cirrhosis (LSM-LC) was 10 kPa for chronic hepatitis B (CHB) patients and 12 kPa for chronic hepatitis C (CHC) patients, respectively.

Definition of Metabolic syndrome {#sec006}
--------------------------------

MetS was defined as the fulfillment of at least three of the following criteria: (1) abdominal obesity (waist: males ≧90 cm, females ≧ 80 cm); (2) blood pressure \[systolic pressure (SBP) ≧ 130 mmHg or diastolic pressure (DBP) ≧85 mmHg\]; (3) hyperglycemia \[fasting glucose (FG) ≧ 100 mg/dL\]; (4) HDL-C (males \< 40 mg/dL, females \< 50 mg/dL); and (5)TG ≧ 150 mg/dL \[[@pone.0155544.ref017]\].

Statistical analysis {#sec007}
--------------------

Average values are expressed as mean±SD. The logistic regression analysis model was used to estimate the univariate and multivariate effects of the different risks regard to the incidence of MetS. Odds ratios (OR) and 95% confidence intervals (CI) were used to describe the strength of the association between risk factors and MetS. A p value \<0.05 was considered statistically significant.

Results {#sec008}
=======

Among 451 responders, 326 subjects and 63 subjects were from previous Yujing and Nanxi community hepatitis screenings, respectively; the other 62 subjects were the volunteers in Yuing township. After excluding 56 subjects with the negative finding of HBsAg or anti-HCV tests at this baseline examination, a total of 395 subjects were enrolled. ([Fig 1](#pone.0155544.g001){ref-type="fig"}) They included 179 men and 216 women with a mean age of 62±12.6 years. Among them, 228 (57.7%) subjects were positive of HBsAg, 156 (39.5%) were positive of anti-HCV, and another11 (2.8%) were both positive, respectively. Ninety-seven subjects (24.6%) fitted the criteria of MetS. CHC patients were older, had higher ALT, AST, and LSM levels as well as had more DM cases than CHB patients. But in the ratio of MetS cases and the value of BMI, there was no difference between the two groups. ([Table 1](#pone.0155544.t001){ref-type="table"}) Those chronic hepatitis patients with MetS had a significant higher LSM level than those without (8.7±7.45 vs 6.5±6.14 kPa, p = 0.01). ([Fig 2](#pone.0155544.g002){ref-type="fig"}) Among our CHB or CHC patients, those who with MetS had higher LSM level than those without, but the difference in CHB patients was not significant. However, regarding the LSM-LC cases, CHB and CHC patients coexisted with MetS had more cases than those without (20.4% vs 9.8%, p = 0.04 in CHB patients; 30% vs 16.4%, p = 0.037 in CHC patients, respectively). (Tables [2](#pone.0155544.t002){ref-type="table"} and [3](#pone.0155544.t003){ref-type="table"})

![The flow chart of the chronic hepatitis patients enrolled into this study.\
MetS represents metabolic syndrome.](pone.0155544.g001){#pone.0155544.g001}

![Total patients and chronic hepatitis C (CHC) patients coexisted with MetS had significant higher liver stiffness level than those without (8.7kPa vs 6.5 kPa, p = 0.01; 10.7 kPa vs 7.3 kPa, p = 0.049, respectively).\
Although chronic hepatitis B (CHB) patients coexisted with Mets also had higher liver stiffness level than those without, the difference was not significant (7.3 kPa vs 5.9 kPs, p = 0.138).](pone.0155544.g002){#pone.0155544.g002}

10.1371/journal.pone.0155544.t001

###### Baseline characteristics of enrolled 395 patients.

![](pone.0155544.t001){#pone.0155544.t001g}

                             CHB              CHC             B+C              P-value[\*](#t001fn003){ref-type="table-fn"}
  -------------------------- ---------------- --------------- ---------------- ----------------------------------------------
  Age, mean±SD (y/o)         57.8± 11.4       67.5±12.7       57.5±12.3        0.166
  Male sex, n(%)             108(47.4)        68(43.6)        3(27.3)          0.465
  AST(IU/L), median (IQR)    26(22--33)       34.5(25--55)    32(26--103)      \<0.001
  ALT(IU/L), median (IQR)    24(18--35.3)     31(22--60.5)    38(17--99)       0.001
  AFP(ng/mL), median (IQR)   2.5(1.89--3.8)   3.2(2.2--4.9)   2.2(1.74--2.8)   \<0.001
  LSM (kPa), mean±S.D        6.2± 6.0         8.2± 7.2        7.4 ± 4.8        0.001
  BMI (kg/m2)                24.7 ± 3.8       24 ± 3.3        23.8 ± 4.7       0.164
  MetS, n(%)                 54(23.7)         40(25.6)        3(27.3)          0.661
  DM, n(%)                   16(7.3)          26(17.3)        0                0.003
  US_LC, n(%)                22(9.9)          23(15.2)        0                0.121
  LSM_LC, n (%)              28(12.3)         31(20.7)        1(9.1)           0.029

Abbreviations: n:numbers; CHB: chronic hepatitis B; CHC: chronic hepatitis C: B+C: chronic hepatitis B plus chronic hepatitis C; AST: aspartate aminotransferase

ALT: Alanine Aminotransferase; LSM: liver stiffness measurement; HCC: hepatocellular carcinoma; DM: diabetes mellitus; MetS: metabolic syndrome; US_LC: untrasound diagnosed liver cirrhosis; LSM_LC: liver stiffness measurement diagnosed liver cirrhosis; BMI: body mass index

\*Comparison between CHB and CHC patients.

10.1371/journal.pone.0155544.t002

###### Baseline characteristics of enrolled 228 CHB patients.

![](pone.0155544.t002){#pone.0155544.t002g}

                                                            With MetS,         Without MetS,      P-value
  --------------------------------------------------------- ------------------ ------------------ ---------
  Age (year), mean±S.D                                      59.8± 10.3         57.2± 11.8         0.143
  Male sex, n(%)                                            23(42.6)           85(48.9)           0.421
  AST(IU/L), median (IQR)                                   27 (22--33)        26 (22--33         0.192
  ALT(IU/L), median (IQR                                    27 (18.8--43.5)    24 (17--34)        0.302
  AFP(ng/mL), median (IQR)                                  2.77 (2.03--3.9)   2.49 (1.9--3.73)   0.847
  LSM (kPa), mean±S.D                                       7.3± 5             5.9± 6.3           0.138
  Log (HBV DNA)                                             2.8± 1.7           3.3± 1.6           0.055
  BMI (kg/m^2^) mean±S.D                                    26.9 ± 3.6         23.9 ± 3.6         \<0.001
  DM, n(%)                                                  10(18.5)           6(3.7)             \<0.001
  DNA\<12 IU/mL[\*](#t002fn001){ref-type="table-fn"},n(%)   13(24.1)           21(12.1)           0.033
  US_LC, n(%)                                               5(9.4)             17(10.1)           0.894
  LSM_LC, n(%)                                              11(20.4)           17(9.8)            0.04

\*The limit of detectable HBV DNA level is 12 IU/mL.

Abbreviations: CHB: chronic hepatitis B; AST: aspartate aminotransferase

ALT: Alanine Aminotransferase; AFP: alpha-fetoprotein; LSM: liver stiffness measurement; BMI: body mass index; DM: diabetes mellitus; MetS: metabolic syndrome; US-LC: untrasound diagnosed liver cirrhosis; LSM_LC: liver stiffness measurement diagnosed liver cirrhosis.

10.1371/journal.pone.0155544.t003

###### Baseline characteristics of enrolled 150 CHC patients.

![](pone.0155544.t003){#pone.0155544.t003g}

                                                             With MetS,        Without MetS,   P-value
  ---------------------------------------------------------- ----------------- --------------- ---------
  Age (year), mean±S.D                                       67± 17.9          67.6± 10.3      0.795
  Male sex, n(%)                                             14(35)            54(46.6)        0.204
  AST(IU/L), median (IQR)                                    35 (23.8--74.8)   34.5 (25--53)   0.638
  ALT(IU/L), median (IQR)                                    35.5 (24.3--63)   31 (21--60.5)   0.743
  AFP(ng/mL), median (IQR)                                   4.16 (2.7--7.3)   3 (2.1--4.7)    0.027
  LSM (kPa), mean±S.D                                        10.7± 9.8         7.3± 5.9        0.049
  Log (HCV RNA)                                              4.4± 2.2          4.2± 2.2        0.548
  BMI (kg/m^2^) mean±S.D                                     25 ± 3.4          23.7 ± 3.2      0.024
  DM, n(%)                                                   15(38.5)          11(9.9)         \<0.001
  RNA\<15 IU/mL[\*](#t003fn001){ref-type="table-fn"}, n(%)   10(25)            30(25.9)        0.248
  US_LC, n(%)                                                8(21.1)           15(13.3)        0.089
  LSM_LC, n(%)                                               12(30)            19(16.4)        0.037

\*The limit of detectable HCV RNA level is 15 IU/mL.

Abbreviations: CHC: chronic hepatitis C; ALT:Alanine Aminotransferase;AST: aspartate aminotransferase; AFP: alpha-fetoprotein; LSM: liver stiffness measurement; BMI: body mass index; DM: diabetes mellitus; MetS: metabolic syndrome; US-LC: untrasound diagnosed liver cirrhosis; LSM_LC: liver stiffness measurement diagnosed liver cirrhosis.

Regarding the viremia, these elder CHB patients coexisted with MetS had more undetectable viremia cases than those without MetS (24.1% vs 12.1%, p = 0.033). ([Table 2](#pone.0155544.t002){ref-type="table"}) However, the comparison of RNA level between our CHC patients with or without MetS was insignificant. ([Table 3](#pone.0155544.t003){ref-type="table"})

In the multiple logistic regression analysis, higher liver stiffness level was still associated with the presence of MetS in our chronic hepatitis patients after adjustment for age, gender and body mass index (odds ratio (OR): 1.08; 95% confidence interval (CI): 1.01--1.14; p = 0.016) ([Table 4](#pone.0155544.t004){ref-type="table"}). We further focused on the CHB patients, the associated factors with MetS were older age, female sex, undetectable viremia, and higher BMI value in the multiple logistic regression analysis. Whereas in the CHC patients, only higher LSM level contributed to the presence of MetS in both univariate and multivariate logistic regression analysis. Although higher BMI value was also a significant variable related to MetS in the univariate analysis, the impact was diluted after adjustment for the other variables.

10.1371/journal.pone.0155544.t004

###### Logistic regression analysis of factors associated with metabolic syndrome for enrolled total patients, chronic hepatitis B patients and chronic hepatitis C patients.

![](pone.0155544.t004){#pone.0155544.t004g}

                               Univariate                   Multivariate       
  ---------------------------- ------------------ --------- ------------------ ---------
                               OR (95% CI)        P-value   OR (95% CI)        P-value
  Age                          1.01(0.99--1.03)   0.232     1.06(1.03--1.09)   \<0.001
  (per one year increase)                                                      
  Male vs female               0.68(0.42--1.08)   0.103     0.45(0.26--0.78)   0.005
  Hepatitis                                                                    
      HBV                      1                                               
      HCV                      1.21(0.31--4.72)   0.785                        
      HBV+HCV                  1.11(0.69--1.78)   0.661                        
  US-LC                                                                        
      Positive vs Negative     0.77(0.39--1.54)   0.465                        
  Serum AST (IU/ml)                                                            
      40 vs \<40               1.32(0.8--2.18)    0.271                        
  Serum ALT (IU/ml)                                                            
      40 vs \<40               1.47(0.9--2.4)     0.124                        
  (DNA-RNA), n(%)                                                              
    (-, -), 140 (31)           1                                               
      (-,+), 107 (23.7)        0.77(0.41--1.47)   0.426                        
      (+,-), 199 (44.1)        0.67(0.37--1.18)   0.166                        
      (+,+), 5 (1.1)           3.6(0.57--22.9)    0.175                        
  Liver stiffness              1.05(1.01--1.08)   0.008     1.08(1.01--1.14)   0.016
    (per 1 kPa increase)                                                       
  Body mass index              1.2(1.12--1.29)    \<0.001   1.24(1.14--1.34)   \<0.001
  (per 1 kg/m^2^ increase)                                                     
  CHB patients, n = 228                                                        
                               OR (95% CI)        P-value   OR (95% CI)        P-value
  Age                          1.02(0.99--1.05)   0.144     1.06(1.02--1.09)   0.002
  (per one year increase)                                                      
  Male vs female               0.78(0.42--1.44)   0.422     0.44(0.21--0.91)   0.026
  US-LC                                                                        
    Positive vs Negative       0.93(0.33--2.66)   0.894                        
  Serum AST (IU/ml)                                                            
      40 vs \<40               1.37(0.63--2.99)   0.424                        
  Serum ALT (IU/ml)                                                            
      40 vs \<40               1.62(0.8--3.28)    0.181                        
  HBV DNA                                                                      
  detectable vs undetectable   0.44(0.20--0.95)   0.037     0.42(0.18--0.99)   0.047
  Liver stiffness              1.03(0.99--1.08)   0.17                         
  (per 1 kPa increase)                                                         
  Body mass index              1.25(1.14--1.36)   \<0.001   1.28(1.15--1.42)   \<0.001
  (per 1 kg/m^2^ increase)                                                     
  CHC patients, n = 156                                                        
                               OR (95% CI)        P-value   OR (95% CI)        P-value
  Age                          0.99(0.97--1.02)   0.794                        
  (per one year increase)                                                      
  Male vs female               0.62(0.29--1.30)   0.206                        
  US-LC                                                                        
    Positive vs Negative       1.74(0.67--4.51)   0.252                        
  Serum AST (IU/ml)                                                            
      40 vs \<40               1.13(0.55--2.32)   0.75                         
  Serum ALT (IU/ml)                                                            
      40 vs \<40               1.4(0.68--2.91)    0.364                        
  HCV RNA                                                                      
  detectable vs undetectable   1.1(0.48--2.53)    0.825                        
  Liver stiffness              1.06(1.01--1.11)   0.018     1.1(1.02--1.19)    0.012
  (per 1 kPa increase)                                                         
  Body mass index              1.14(1.02--1.28)   0.027                        
  (per 1 kg/m^2^ increase)                                                     

Abbreviations: MetS: metabolic syndrome; CHB: chronic hepatitis B; CHC: chronic hepatitis C; OR: odds ratio; CI: confidence interval; US-LC: untrasound diagnosed liver cirrhosis; AST: aspartate aminotransferase; ALT:Alanine Aminotransferase;HBV: hepatitis B virus; HCV: hepatitis C virus; vs: versus.

Discussion {#sec009}
==========

The current study showed that among the elders in the community, there were 23.7% MetS subjects in CHB patients and 25.6% in CHC patients, respectively. The ratio of MetS subjects was significant higher than another large population-based study reported by Jan et al in northern Taiwan \[[@pone.0155544.ref006]\]. which showed 8% in CHB patients and 13.2% in CHC patients, respectively. This difference was resulted from the age variations of the selected study cohorts. The current study had 82.3% subjects older than 50 years whereas only 51.1% in the Jan et al\`s study. Indeed, older age was an independent factor associated with the presence of MetS after adjustment for gender, LSM and BMI level in this study.

Liver stiffness level has been identified to represent the severity of liver fibrosis. The current study found that higher liver stiffness level was associated with the presence of MetS. Our subjects with MetS had a significant higher LSM level than those without (8.69±7.45 vs 6.49±6.14 kPa, p = 0.002), which was comparable with the previous studies (18,19). Roulot D et al reported that in 429 healthy subjects, after adjustment for gender and BMI, LSM values were higher in 59 (13.7%) subjects with MetS than in those without. (6.51 ± 1.64 vs 5.33 ± 1.51 kPa, p \< 0.0001) \[[@pone.0155544.ref018]\]. Mena A et al also reported that in 96 CHB inactive carriers who with MetS had a higher LSM value than those without. (8.4kPa vs 5.5 kPa, p\<0.001) \[[@pone.0155544.ref019]\]. The presence of MetS was associated with higher LSM level not only in chronic hepatitis patients but in health subjects and inactive CHB carriers.

The interaction of different components of MetS and CHB infection has been studied in recent decade. A Hong Kong study showed that HBV infection was associated with a lower prevalence of MetS \[[@pone.0155544.ref007]\], which was comparable with the observation in Taiwan \[[@pone.0155544.ref006]\]. Our previous study found that HBsAg carriers had lower prevalence of hypercholesterolemia and hypertriglyceridemia \[[@pone.0155544.ref020]\]. The current study also indicated that the inverse association between HBV viral load and MetS. In our CHB patients, with the increase of viral load, the ratio of MetS subjects was decreased with a significant lineal trend (p = 0.024). Undetectable viremia was associated with the presence of MetS after adjustment for age, gender and BMI.

Although the presence of MetS seems to be beneficial to the decrease of HBV activity, the causal relationship is undetermined. In fact, we found that MetS was also related to the poor prognosis of HBV infection such as advanced fibrosis. In our previous study, LSM level more than 10 kPa was used to predict cirrhosis for HBsAg carrier with a negative predictive value of 95% \[[@pone.0155544.ref016]\]. The current study showed that HBsAg carriers with MetS had more LSM-LC cases than those without. Regarding HBV related HCC, the association with MetS was undetermined. Our previous longitudinal community study reported that MetS, and obesity were not associated with HCC development in HBV patients after a 4 year observation \[[@pone.0155544.ref021]\]. However, another longitudinal cohort study in Taiwan indicated that, during mean follow-up of 14.7 years, excess body weight was involved in the transition from health HBV carrier state to HCC or liver-related death among men \[[@pone.0155544.ref022]\]. The variation associated the impact of MetS on HBV related HCC might be resulted from the different follow-up years.

Our CHB subjects were older with a mean age of 57.8± 11.4 years. Among 228 CHB subjects, even 75% were older than 50 years and located in the inactive residual phase of HBV nature history \[[@pone.0155544.ref023]\]. In elder CHB subjects, we found the presence of MetS was associated with undetectable HBV viremia. However, CHB subjects coincided with MetS had severer liver fibrosis than those without. The current study indicated that the elders in the later phase of HBV infection coincided with MetS might experience an inactive virus replication but have an advanced liver fibrosis than those without. The effect of MetS between reducing HBV activity and inducing hepatocyte inflammation should be balanced.

The review article indicated that HCV infection does not carry an increased risk of MetS, but it could disturb glucose homeostasis, leading to both intrahepatic and extrahepatic insulin resistance \[[@pone.0155544.ref024]\]. This reduced the response to antiviral treatment and accelerated liver disease progressions such as the advance of cirrhosis or the development of HCC. The current study showed that HCV viremia was not related to the presence of MetS. Only higher LSM level contributed to MetS in CHC patients in multivariate logistic analysis. Although higher BMI value was also associated with MetS in univariate logistic analysis, the impact was diluted after adjustment for the other variables. Based on our previous study, 12 kPa was the cut-off for the prediction of possible cirrhosis in CHC patients \[[@pone.0155544.ref016]\]. The current study showed that CHC patients with MetS also had more LSM-LC cases than those without. This result suggested that no matter in CHB patients or CHC patients, MetS showed a significant association with an advanced liver fibrosis and might lead to an unfavorable outcome.

We also found that in our CHB or CHC patients, the difference between those who with or without MetS was not significant when evaluated by US but it was significant when evaluated by LSM. It seems to be related to the increase of patients diagnosed as LC by LSM in MetS patients. Recent studies showed that the severity of liver fibrosis might be overestimated by LSM in the presence of severe steatosis in patients with CHC or with nonalcoholic fatty liver disease, which might explained the difference of LC evaluated by US and by LSM in our study \[[@pone.0155544.ref025],[@pone.0155544.ref026]\].

The study had certain limitations. First, although we found MetS had the inverse association with HBV viremia, the causal relationship was undetermined by a cross-sectional analysis. A longitudinal observation should be required to clarify this issue. Furthermore, central obesity, the main component of MetS is the usual determinant of LSM failure or unreliable results \[[@pone.0155544.ref027]\]. For those extreme obesity patients with particularly increased waist circumference or narrowing intercostal space, the result of LSM might be slightly doubted.

Conclusion {#sec010}
==========

These results suggest that the elders in the later phase of HBV infection coincided with MetS might experience an inactive virus replication but have an advanced liver fibrosis than those without. Among our CHC subjects, MetS was associated with higher LSM level, which means the presence of advanced liver fibrosis. Hence, to the elders with CHB or CHC infection, the clinicians should endeavor to eliminate the components of MetS to diminish the harmful effect of liver steatosis.
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